A review of case studies about usability in eight Free/Libre/Open Source Software (FLOSS) projects showed that an important issue regarding a usability initiative in the project was the lack of user research. User research is a key component in the user-centered design (UCD) process and a necessary step for creating usable products. Reasons why FLOSS projects suffered from a lack of user research included poor or unclear project leadership, cultural differences between developer and designers, and a lack of usability engineers. By identifying these critical issues, the FLOSS usability community can begin addressing problems in the efficacy of usability activities and work towards creating more usable FLOSS products.
Introduction
The term open source in Free/Libre/Open Source Software (FLOSS) is a software licensing philosophy in which the human readable source code of a software is available for the public to freely install, modify, or redistribute [18] . FLOSS can also refer to the community and development practices of thousands of developers who subscribe to this philosophy and license their software under one of the many available software licenses. In this paper, "FLOSS" refers to FLOSS as the community and development practices of contributors who also subscribe to the "open source" philosophy.
Raymond [23] was one of the first to describe some of the idiosyncrasies of the social economics characterized in FLOSS development including the practice to "release early and release often", and the idea that developers are "scratching an itch" by writing software for themselves. These have been cited as the most notable reasons why FLOSS is criticized for being developer-centric and why they have poor usability [12, 13, 15, 22] .
The concept of usability has multiple definitions including the ISO 9241-11:1998 standard and Nielsen's heuristics standard [16] . In this paper, the term usability is used as a general term to mean the aforementioned definitions as well as the engineering methods and practices involved in this quality.
Shortly after Raymond's article, FLOSS usability projects formed -as a response to his article or as a natural awareness of the FLOSS community is unclear. There are several usability projects [4, 7, 9, 10, 19, 20] whose goals are to improve FLOSS usability by educating developers about good usability practices and conducting usability studies on FLOSS. Also, many FLOSS-centered companies such as Canonical, Novell, Red Hat, and Sun Microsystems have hired designers and usability engineers to help improve the usability of their software.
FLOSS usability projects experience interesting challenges compared to their industry counterparts. Many FLOSS projects are written by unpaid volunteers, and volunteers are distributed around the world [8] . One of the greatest incentives for developers to participate in a FLOSS project is, as Raymond describes, to fulfill their own expectations. Fixing usability issues, especially when the project owner/developer does not experience them, are not always a priority.
Nearly 10 years since the founding of the first FLOSS usability projects, contributors are still struggling to get basic usability practices integrated in to development [5, 24] . Progress towards better FLOSS usability is being made, but it is very slow. This paper discusses a review of case studies of usability in eight FLOSS projects which aimed to discover if there were commonalities among the reported challenges or failures. A discussion follows of what were found to be the greatest issues in FLOSS usability projects, why these issues have such an impact on usability, and how to overcome these issues and begin improving FLOSS usability.
Method
There have been many usability reports published by FLOSS usability projects describing the testing and evaluation of FLOSS [4, 5, 9, 10] . Recently, the most notable scholarly discussion about FLOSS usability has been by Twidale and Nichols [26] . However, they primarily focus on defects in FLOSS and the workflow surrounding bug reporting. There have been few discussions on why these defects occur or how they can be better prevented.
Case studies are a pragmatic reporting format since they focus on practice, organization, and processes more than data disconnected from context. However, there are very few case studies describing successes and failures in usability of FLOSS projects. This may be due to the need to "report early and often" [24] , which is discussed later in this paper. Though they are few, the available case studies are important because they help FLOSS usability engineers identify organizational and procedural problems which affect the effectiveness of a usability initiative.
The eight FLOSS projects reviewed were from case studies published in conference proceedings and journals where experienced FLOSS usability engineers wrote about their experiences in the FLOSS project. Although they were written by multiple authors and published in varying venues, all of the case studies followed a similar format which described the condition of the problem with conclusions and summary thoughts. These "lessons learned" issues were explicitly enumerated either through bullet points or section headers, providing the basis for data collection.
FLOSS Projects Reviewed
The FLOSS projects written about in the case studies have active development and user communities. Table 1 provides a list of the FLOSS projects reviewed. 
Results
Among the 8 FLOSS projects, reported issues fell into one of 8 identified topics: 1. Business Practices, which involve organizational strategy and decisions that have an affect on the business aspect of the project (if it exists) 2. Communication, including the content, context, and medium for discussing usability issues 3. Culture, these are idiosyncrasies of the practices and attitudes found in FLOSS contributors and communities 4. Leadership, the decision makers and authority figures of a project who oversee and promote project goals 5. Methods, the usability methods, activities, and processes practiced such as surveys, user profiling, and subscribing to the UCD method 6. Ownership, those who have domain over goals, user interface, and functionality 7. Usability Engineers, the recruitment and involvement of experiences usability and design practitioners 8. User Research, the understanding of user needs and goals and how they relate to the functional and technical requirements and business goals of the product Several FLOSS projects were the only to report on a certain issue (e.g. Mozilla was the only case study to discuss business practices), or they reported a similar issue more than once (e.g. TV Browser cites two issues regarding User Research). Final analysis considered if an issue topic occured one or more times in a project case study rather than the total number of occurrences. The most common topic, and only topic reported by all eight FLOSS projects, was related to User Research. Methods was also a frequently cited topic (seven projects) and is closely related to the issues presented in the User Research topic. Communication (four projects) was also a highly cited issue topic. Table 2 provides a summary of the most commonly occurring topics. 
User Research
Every project reported that the lack of user research was an issue in achieving better usability. The GIMP, TV Browser, and TYPO3 case studies provided the most descriptive accounts of the effects of user research on their projects. The GIMP project failed to identify clear project goals and a user focus early on. As a result, developers focused on user feature requests which resulted in irrelevant "feature creep". This increased the complexity of the tool without providing an increased overall value. The project was forced to re-engineer the entire application and redefined the purpose and scope of the application.
TV Browser reported not knowing enough about their users in order to make informed design decisions. This problem was identified early in the project due to their proactive inclusion of designers. A series of user surveys were conducted to help fill in gaps of information about the users.
TYPO3 experienced the effect of a lack of community interest and participation. The usability team was organized and attempted to gather user research data through stake holder surveys to help create user groups and personas. They received poor participation from the community and were unable to complete the activity and so design efforts continued without valuable user research. They speculated that reasons for a lack of participation from the community were that the culture of getting work done may have surpassed the need for understanding their users needs and goals.
The other projects also discuss the needs or effects of user research and usability. The GNOME, KDE and OpenOffice.org projects reported missing a shared vision of project goals or audience. The Mozilla case study stresses the importance of user research. The project had failed to gather both functional and user requirements which resulted in wasted resources. NetBeans questions if mailing lists are representative of their true user population, and if not, who their primary users really are. Table 3 provides a summary of reported User Research issues and the effect the issue had on the project.
Methods
Methods include what types of activities should be conducted, when, and how often. Seven of the eight FLOSS projects discuss methods in the case studies. This issue category is closely related to the User Research category, as many of the methods discussed were for the purpose of gathering data from users and learning more about them.
A variety of methods were discussed between the projects. GIMP and TV Browser suggested using surveys or task observations as a way to gather data for understanding their users. GNOME and Mozilla both stressed the importance of "design first, code later". OpenOffice suggested that face-to-face or remote workshops could be effective for getting design ideas down on paper. TYPO3 attempted to develop heuristics to act as guidelines for developers working on user interfaces. KDE simply recommended using the most appropriate method to achieve an identified goal. FLOSS is known for its highly iterative development cycle which complements the iterative design cycles of user-centered design (UCD) [13] . GNOME described how the GNOME Usability Project ought to act as a resource for developers to get early usability feedback; however, the authors admitted that developers never think to ask for design advice early in the development process. KDE reported punctual design feedback was the most valued because it allowed developers to address easy fixes immediately. Unfortunately this does not support larger usability activities such as usability testing and surveys, which require a greater time investment to prepare, conduct, and report. Mozilla described productivity loss due to time spent fielding bugs and fixing the UI after release, all of which could have been avoided if they had designed and refined it from the beginning. Table 4 provides a summary and description of the methods reported by the FLOSS projects. 
Communication Channels
FLOSS development is often distributed and most communication occurs over mailing lists, forums, and Internet relay chat (IRC). Design over these mediums is difficult because of the iterative and visual nature of design and the textual nature of the communication protocols. GNOME was dubious as to how useful mailing list and IRC discussions could be. Also, they thought that these communication methods, in addition to a complex bug database, may intimidate non-technical users (such as usability engineers). This can be especially true when developers begin discussing technical details and implementation. Mozilla experienced community and content problems with having a too-open (open-to-public) or too-closed (invite-only) mailing lists. NetBeans reported the problem of fragmented discussions between bug reports and mailings lists, which can also happen across different mailing lists.
OpenOffice made a recommendation of setting up a "collaborative, visual space" to help developers and designers more easily communicate visual and interactive ideas.
Discussion
User research is an important step for creating usable products and is essential to the UCD process [6] . Previous experience in FLOSS usability fuled the anticipation of user research to be a frequently reported issue in FLOSS usability, but it was still surprising that it was reported by each FLOSS project surveyed. It is significant that each FLOSS project experienced issues linked to user research so severe or valued the information provided by user research enough to indicate it in the case study.
These findings support the general consensus among FLOSS usability leaders that the lack of user research has had a significant impact on FLOSS usability [2, 4, 5, 13, 24] . The lack of user research affects a project's ability to improve usability through appropriate methods. There seemed to be a strong connection between reported User Research issues and Methods issues, as many of the Methods issues were directly related to methods used for gathering user information for user research. Other issues described by the case studies also suggest a link between user research and other issues such as leadership, culture, and involvement of usability professionals.
Why Is User Research So Difficult?
In order to solve the user research problem, the reasons why user research is so difficult to accomplish in FLOSS must first be understood. This issue seems to be directly related to other reported issues found in the FLOSS usability case studies and has been discussed independently by other FLOSS usability project leaders.
Leadership
Defining project goals and target users are decisions that contributors to an entire FLOSS project must agree to. Without a shared vision, the project will not be able to move in a cohesive direction. Projects which have no clear leadership structure cannot make decisions since it does not ensure that all project members will follow the new vision [8] . A lack of leadership can make acquiring a decision more complicated. Decisions must be made by relevant developers instead of the single project leader [24] . Projects who have strong leadership can define these goals, make executive decisions about features, and make usability and user research a priority [1] .
Culture
FLOSS contributors are primarily developers, and it is easy for developers to assess the skill and competency of another developer through experience. It is difficult for usability engineers to prove themselves to developers in the same way since developers do not always understand the processes or results of usability activities [13] . As a result, there is often tension and communication problems when usability engineers and developers try to work together. Trust must be established between the usability engineer and developer in order to have a successful usability relationship [8, 13] .
There is also a cultural issue of what it means to "do" and what activities are considered useful contributions. The TYPO3 project reported a failure in conducting a user research activity and speculated that the "culture of doing" was stronger than the "abstract notion" of understanding their users (which is a key component in creating usable products). Developers, who can count "doing" by lines of code or number of commits, simply did not see the value of abstract activities such as discussion and research.
Usability Engineers
It can be difficult to get started with user research and the ability to ask the right questions and draw useful conclusions requires experience. Defining user groups and personas takes guidance and experience. Usability engineers are necessary to help conduct user research studies such as surveys and interviews, and to help make sense of the data by summarizing it for developers in user groups and personas.
However, participation by usability engineers is rare [14, 24] . There are few incentives for usability engineers to get involved if they are aware of FLOSS at all [15] . Organizations such as OpenUsability were founded to help address these issues by acting as a meeting place where usability engineers and developers can meet on equal ground [13, 20] .
Summary
The lack of user research was the most reported issue in the usability case studies of eight FLOSS projects reviewed. Several case study authors went in to detail of how not having a complete understanding of the project goals and users affected the usability of the FLOSS project they were working with. The identification of this problem is an important step for working towards improved FLOSS usability and more successful FLOSS usability projects.
There are several reasons why user research could be so difficult to accomplish in FLOSS projects. Leadership, cultural, and resource issues seem to have the greatest impact in whether user research is done or not. Clear and strong leadership is required to define a project vision and target users. The culture of the FLOSS project must support usability engineers as contributors and support their methods. Finally, more usability engineers are needed to conduct user research studies and report the data in a way that can be understood by developers.
Addressing the three challenges of leadership, culture, and participation will make it easier to accomplish user research tasks in FLOSS projects. If these projects establish project goals and user focus, they will be able to more easily achieve good usability and improve the overall state of FLOSS usability.
Future Work
By understanding what is missing in FLOSS usability, we can begin to address these problems. A number of usability initiatives in FLOSS projects have actively been working towards including more user research in their projects.
A recent initiative by the KDE Usability Project are the KDE User Research Templates [11] . This template provides an outline to document user research data such as a project vision, user types, primary functionality, and use cases. The goal is to help developers document important user information and make it accessible to project members with minimal reliance on usability engineers. Contributors to the KDE Usability Project then review the developer-generated documents and provide feedback.
The OpenUsability Season of Usability [21] is an internship program that provides design students an opportunity to work with a FLOSS project. Project mentors encourage their students to conduct user research as a part of the project. These activities help students understand the goals and users, begin the documentation process, and begin institutionalizing the idea of user research in the project they are working with.
Feedback from these projects, as well as further investigation in to the usability methods used in FLOSS, can provide a better understanding beyond the surveyed case studies as to why user research is so difficult, and how it can be achieved.
